Introduction
Phase change random access memory (PCRAM) has attracted considerable interest as a candidate for the next generation of non-volatile devices which will meet current and future needs of higher density and operation speed [1, 2] . Ternary Ge 2 Sb 2 Te 5 (GST) compounds are widely regarded as the most commercially viable and practical phase change family of materials for this application. These materials are currently being trialled commercially and processes which deposit GST films by RF sputtering are being implemented into production lines [3] . CVD techniques are expected to play a role in device fabrication and recently metal organic CVD process has been applied to deposit GST materials in sub micron cell pores [4] . There remain however many challenges [5] which include the need to control device to device variability and undesirable changes in the phase change material that can be induced by the fabrication procedure. A confined cell structure where the phase change material is formed inside a contact via is expected to be essential for the next generation PCRAM device because it requires lower switching power [6] . This structure however requires more complex deposition of the active chalcogenide into a cell pore. We believe that CVD techniques could provide better performance and enable the production of thin films with superior quality compared to those obtained by sputtering, especially in terms of conformality, coverage, and stoichiometry control, and allows implementation of phase-change films in nanoelectronic devices. In addition, CVD deposition is well known to provide higher purity materials and provides the scope for new phase change materials with optimized properties to be deposited.
For the past eight years, we have been developing a CVD technique based on metal halide precursors for the deposition of chalcogenide thin films [7] . In this paper, we report on the deposition of Ge-Sb-Te thin film using atmospheric pressure CVD processes with metal chloride and Te precursors. The Ge-Sb-Te thin film has also been characterized by SEM and EDX techniques. In addition, electrical characterization of a prototype Ge-Sb-Te thin film phase change memory device has been carried out and reversible threshold and phase change switching demonstrated.
Apparatus and experimental methods
The CVD apparatus for Ge-Sb-Te thin film deposition is shown schematically in Figure 1a . A specially designed tube furnace with two individually controlled heating zones was used to produce a tailored gradient hot zone within a horizontal quartz tube which formed the reactor. The first heating zone (zone 1) upstream of the sample provided a region of sufficient temperature for the reaction of precursors to take place efficiently. The second heating zone (zone 2) was designed to keep the substrate at suitable temperature for deposition. The entire process took place at atmospheric pressure.
The reaction temperature at zone one was set at 780 o C where the Te precursor within a quartz crucible injection tube was located. The reactive gas, 6% H 2 balanced with argon gas (6%H 2 /Ar), and the carrier argon gases for GeCl 4 
Results and Discussion
Ge-Sb-Te thin films have been successfully deposited on SiO 2 /Si substrates.
Scanning electron microscopy (SEM) technique has been applied to study the 
